REMARKS 

Prior to this Reply, Claims 1-18 and 21-101 were pending. Through this Reply, Claims 1- 
18 and 21-62 have been amended, Claim 63-101 have been cancelled without prejudice to, or 
disclaimer of, the subject matter recited therein, and Claims 102-141 have been added. 
Accordingly, Claims 1-18, 21-62 and 102-141 are now at issue in the present case. 

I. Objection to Specification 

The Examiner objected to the specification since reference number 224 refers to an 
integrator at page 12, lines 8-9 and at page 13, lines 12-15, but refers to a compensator and a 
compensator network at page 12, lines 21-22 and page 19, lines 18-19. The substitute 
specification provided herein overcomes these objections since reference number 224 has been 
deleted. 

II. Drawing Objections 

The Examiner objected to the drawings since reference number 224 designates both an 
integrator and a compensator. The replacement figures provided herein overcome this objection 
since reference number 224 has been deleted. 

III. Claim Rejections Under 35 U.S.C, § 112 

The Examiner rejected Claims 40, 41, 52-54, 85-87, 91-96 and 99-101 under 35 U.S.C. 
§112, second paragraph, as being indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention. 
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Claim 40 is rejected since "said bipolar switch" lacks antecedent basis. Claim 40 has 
been amended to delete this terminology. 

Claims 52, 53, 85, 86, 91 and 92 are rejected since "said compensator" lacks antecedent 
basis. Claims 52 and 53 have been amended to delete this terminology, and Claims 85, 86, 91 
and 92 have been cancelled. 

Claims 61-63 and 99 are rejected since "said compensating step" lacks antecedent basis. 
Claims 61 and 62 have been amended to delete this terminology, and Claims 63 and 99 have 
been cancelled. 

IV. Rejection of Claims 1. 6-18, 21-26. 28, 64 and 67-73 under 35 U.S.C, 102(e) - 
Rosenberg 

Claims 1, 6-18, 21-26, 28, 64 and 67-73 are rejected under 35 U.S.C. § 102(e) as being 
anticipated by U.S. Patent No. 6,300,937 to Rosenberg (hereinafter "Rosenberg"). 

Rosenberg discloses computer system 10 that provides a user with force feedback 
(physical sensations) in a virtual reality environment. Computer system 10 includes host 
computer system 12 and interface device 14. Host computer system 12 implements a host 
application program with which user 22 interacts via interface device 14. 

Host computer system 12 includes host processor 16, system clock 18, display device 20 
(such as a CRT or goggles) and audio output device 21 (such as speakers). Host computer 
system 12 can include storage devices such as a disk drive, floppy drive or CD ROM drive 
coupled to host processor 16. 

Interface device 14 includes local microprocessor 26, sensors 28, actuators 30, user 
object 34, sensor interface 36, actuator interface 38, other input 39, power supply 40 and safety 
switch 41. 
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User object 34 is a device or article that can be grasped or otherwise contacted or 
controlled by user 22, such as a joystick, mouse, trackball, stylus, steering wheel, medical 
instrument, pool cue, hand grip, knob or button. 

Sensors 28 sense the position, motion and/or other characteristics of user object 34. 
Sensors 28 can be a digital optical encoder, strain gauge or velocity sensor. 

Local microprocessor 26 provides control signals to actuators 30 (via actuator interface 
38 and safety switch 41) in response to commands from host computer system 12 (via bus 24), 
manipulations by user 22 (via other input 39) and signals from sensors 28 (via sensor interface 
36). For example, local microprocessor 26 provides low-level force commands to actuators 30 in 
response to receiving the commands from host computer system 12. As another example, local 
microprocessor 26 manages low-level force control loops (reflexes) to sensors 28 and actuators 
30 in accordance with high-level commands from host computer system 12. 

Actuators 30 transmit force to user object 34 in one or more directions along one or more 
degrees of freedom in response to control signals from microprocessor 26 (via actuator interface 
38). Actuators 30 include a separate actuator for each degree of freedom along which force is 
transmitted. Actuators 30 include linear current control motors, DC servo motors and voice 
coils. 

Actuator interface 38 includes digital to analog controller (DAC) circuit 44 and power 
amplifier circuit 46. 

DAC circuit 44 includes DAC 48, op amp 50 and op amp 52. DAC 48 converts a digital 
signal representing a force value from local microprocessor 26 into an analog signal, op amp 52 
provides the analog signal in the range of zero to -5 volts and op amp 54 shifts the analog signal 
into a symmetrical bipolar range of -2.5 to +2.5 volts. 
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Power amplifier circuit 46 includes a transconductance stage composed of amplifier 54 
and several resistors and a second amplifier stage composed of amplifier 56, several resistors and 
capacitor C. The transconductance stage converts the analog low-power control voltage fi-om op 
amp 54 into a proportional current signal, and the second amplifier stage provides additional 
current capacity by enhancing the voltage swing across actuators 30. 

Claim 1 recites "In a disk drive that includes a head, a disk, a microprocessor, a driver 
and a voice coil motor, wherein the head reads from and writes to the disk, the microprocessor 
provides a command current to the driver, the driver provides a coil current to the voice coil 
motor in response to the command current, the voice coil motor radially positions the head 
relative to the disk in response to the coil current, and the coil current flows through a coil in the 
voice coil motor." Claims 14 and 23 recite similar limitations. Claims 6-13 depend from Claim 
1, Claims 15-18, 21 and 22 depend from Claim 14, Claims 24-26 and 28 depend from Claim 23 
and Claims 64 and 67-73 have been cancelled. 

Rosenberg fails to teach or suggest that interface device 14, local microprocessor 26, 
sensors 28, actuators 30 or actuator interface 38 is in a disk drive. Instead, host computer system 
12 is connected to interface device 14 by bus 24, and host computer system 12 may include a 
disk drive. Rosenberg also fails to teach or suggest that actuators 30 radially position a head 
relative to a disk. Instead, actuators 30 move user object 34. 

Claim 1 also recites "the driver comprising ... a sensor that provides a sense current by 
sensing the coil current." Claims 14 and 23 recite similar limitations. Rosenberg fails to teach 
or suggest that sensors 28 sense a coil current in actuators 30. Instead, sensors 28 sense the 
position, motion and/or other characteristics of user object 34. 


42 


Claim 1 also recites "the driver comprising ... a comparator that provides an error 
cxirrent by determining a difference between the command current and the sense current." 
Claims 14 and 23 recite similar limitations. Rosenberg fails to teach or suggest that local 
microprocessor 26 or actuator interface 38 determines the control signal for actuators 30 as a 
difference between the command from host computer system 12 and the signal from sensors 28. 
Instead, local microprocessor 26 determines the control signal in response to the command and 
the sensor signal, and actuator interface 38 provides digital-to-analog conversion, voltage-to- 
current conversion and amplification on the control signal. 

Claim 1 also recites "the driver comprising ... an integrator that provides an integrated 
error current by integrating the error current; and an amplifier that provides the coil current by 
amplifying the integrated error current." Claims 14 and 23 recite similar limitations. 

Rosenberg fails to teach or suggest that the control signal between local microprocessor 
26 and actuators 30 is integrated. Instead, actuator interface 38 provides digital-to-analog 
conversion, voltage-to-current conversion and amplification on the control signal. 

The Examiner asserts that Rosenberg discloses "a driver having a current control device 
for a voice coil motor, used in a disk drive comprising a sensor (Fig. 2: R2) to sense a coil 
current in a voice coil motor (e.g. Col. 4:13-15); a transconductance amplifier (e.g. Fig. 2:54) to 
detect an error current by comparing a coil current (current across R2) and a command cxurent 
(e.g. Fig. 2:Vin) and means (Fig 2:R,C,56) to integrated the error current into a coil current." 

Rosenberg fails to teach or suggest that resistor R2 senses the current that passes through 
actuators 30, and the Examiner has no support or reasoning for this statement. Rosenberg also 
fails to teach or suggest that amplifier 54 generates an output current by determining a difference 
between the current received from local microprocessor 26 and the current that flows through 
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actuators 30, and the Examiner has no support or reasoning for this statement. Rosenberg also 

fails to teach or suggest that capacitor C transforms the second stage amplifier into an integrator, 

and the Examiner has no support or reasoning for this statement. 

Rosenberg indicates that capacitor C enhances the voltage swing across actuators 30: 

The second ampUfier stage, including amplifier 56, 
resistors, and a capacitor C, provides additional current capacity by 
enhancing the voltage swing of the second terminal 57 of motor 
30. (Col. 12, lines 50-54.) 

Thus, the Examiner has mischaracterized amplifier 54, resistor R2 and capacitor C by 

depicting functions and operations they do not perform. 

V. Rejection of Claims 44-46, 48 and 49 under 35 U.S.C, 102(e) - Schlaeer 

Claims 44-46, 48 and 49 are rejected under 35 U.S.C. § 102(e) as being anticipated by 
U.S. Patent No. 6,600,618 to Schlager (hereinafter "Schlager"). 

Schlager discloses driving circuit 10 for voice coil motor 75. Driving circuit 10 includes 
controller 12, feedback network 18 and power supply 95 composed of FETs 44, 46, 48 and 50 
coupled as an H-bridge. Driving circuit 10 compensates for temperature-induced mechanical 
changes during ramp loading and unloading of heads 78 using velocity feedback fi-om voice coil 
motor 75. 

Claim 44 recites "the driver provides a coil current to the voice coil motor ... the voice 
coil motor radially positions the head relative to the disk in response to the coil current ... the 
driver comprising ... an integrator that provides an integrated error current by integrating the 
error current . . . first and second amplifiers that provide the coil current by amplifying the 
integrated error current." Claim 48 recites similar limitations. Claims 45 and 46 depend fi"om 
Claim 44 and Claim 49 depends fi-om Claim 48. 
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Schlager fails to teach or suggest that driving circuit 10 includes an integrator between 
controller 12 and power supply 95. Instead, direct connections are between controller 12 and 
power supply 95. 

The Examiner correctly recognizes that Schlager lacks the integrator by not rejecting 
Claims 1, 14 or 23 based on Schlager. 

VI. Rejection of Claims 50-52, 57-59. 61. 63. 84, 85, 90 and 97 under 35 U.S.C. 102(e) - 
Ng 

Claims 50-52, 57-59, 61, 63, 84, 85, 90 and 97 are rejected under 35 U.S.C. § 102(e) as 
being anticipated by U.S. Patent No. 6,388,413 to Ng et al. (hereinafter "Ng"). 

Ng discloses disk drive 100 that includes transducing head 126, a voice coil motor 
composed of voice coil 128, first magnet 130 and second magnet 131, power amplifier 238 and 
subtractor 254. Subtractor 254 generates a control signal proportional to the difference between 
the actual velocity of transducing head 126 and a demand velocity, and power amplifier 238 
receives the control signal and provides a current to voice coil 128. 

Claim 50 recites "the driver provides a coil current to the voice coil motor ... the voice 
coil motor radially positions the head relative to the disk in response to the coil current ... the 
driver comprising ... an integrator that provides an integrated error current by integrating the 
error current ... an amplifier that provides the coil current by amplifying the integrated error 
current." Claim 58 recites similar limitations, Claims 51, 52 and 57 depend from Claim 50, 
Claims 59 and 61 depend from Claim 58 and Claims 63, 84, 85, 90 and 97 have been cancelled. 

Ng fails to teach or suggest that disk drive 100 includes an integrator between power 
amphfier 238 and subtractor 254. Instead, a direct connection is between power amplifier 238 
and subtractor 254. 
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The Examiner correctly recognizes that Ng lacks the integrator by not rejecting Claims 1, 
14 or 23 based on Ng. 

VII. Rejection of Claims 1, 12, 14, 23. 28 and 64 under 35 U.S.C. 102fb) - Jove 

Claims 1, 12, 14, 23, 28 and 64 are rejected under 35 U.S.C, § 102(b) as being anticipated 
by U.S. Patent No. 5,270,882 to Jove et al. (hereinafter "Jove"). 

Jove discloses head disk assembly 10 that includes MR element Rmr, an amplifier circuit, 
disk D, drive spindle 12, actuator 14 and arm electronics module 16. The MR element reads 
from the disk D, the actuator 14 positions the MR element relative to the disk D and the 
ampUfier circuit provides fixed read bias current to the MR element and senses signal current 
generated from the MR element. 

Claim 1 recites "a disk drive that includes a head, a disk, a microprocessor, a driver and a 
voice coil motor, wherein the head reads from and writes to the disk ... the driver provides a coil 
current to the voice coil motor ... the voice coil motor radially positions the head relative to the 
disk in response to the coil current ... the driver comprising ... a sensor ... a comparator ... an 
integrator . . . and an amplifier." Claims 14 and 23 recite similar limitations. Claim 12 depends 
from Claim 1, Claim 28 depends from Claim 23 and Claim 64 has been cancelled. 

Jove fails to teach or suggest a driver for actuator 14, much less a driver that includes the 
features mentioned above. Instead, the ampUfier circuit drives the MR element and has nothing 
to do with actuator 14. 

The Examiner asserts that Jove discloses "a driver having a current control device for a 
voice coil motor, used in a disk drive comprising a sensor (1 :R1) to sense a coil current in a 
voice coil motor (Fig. 1 :Rnir); a transconductance amplifier (Fig. 1 :gO) to detect an error current 
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by comparing a coil cxirrent and a command current (col. 2:47-50) and means (fig 1 :C1) to 

integrated the error current into a coil current (coL2:40-53)." 

Jove indicates that Rmr is the magnetoresistive element: 

As illustrated in FIG. 1, the amplifier circuit comprises a 
magnetoresistive (MR) element Rmr which senses binary data 
fi-om a magnetic recording disk D, a resistor Rl for setting gain of 
the circuit, a single supply voltage source +V and a reference 
voltage source Vref referenced to said supply voltage -fV. (Col. 2, 
lines 19-24.) 

Thus, the Examiner has mischaracterized the magnetoresistive element as actuator 14. 

VIIL Rejection of Claims 30, 34-45. 74 and 77-80 under 35 U,S,C. 1020)) - Salina 

Claims 30, 34-45, 74 and 77-80 are rejected under 35 U.S.C. § 102(b) as being 
anticipated by U.S. Patent No. 6,023,143 to Salina et al. (hereinafter "Salina"). 

Salina discloses a driving system for a voice coil motor. The driving system includes a 
sense ampUfier, an error amplifier, a switch SI, a pulse width modulation (PWM) converter and 
a linear amplifier. The driving system switches between the PWM converter and the linear 
amplifier to drive the voice coil motor. 

Claim 30 recites "the driver provides a coil current to the voice coil motor ... the voice 
coil motor radially positions the head relative to the disk in response to the coil current ... the 
driver comprising ... an integrator that provides an integrated error current by integrating the 
error current . . . first and second amplifiers that provide the coil current by amplifying the 
integrated error current." Claims 38 and 44 recite similar limitations. Claims 34-37 depend fi-om 
Claim 30, Claims 39-43 depend fi"om Claim 38, Claim 45 depends from Claim 44 and Claims 74 
and 77-80 have been cancelled. 
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Salina fails to teach or suggest that the driver includes an integrator between the error 
amplifier and the voice coil motor. Instead, the switch SI, the PWM converter and the linear 
amplifier are between the error amplifier and the voice coil motor. 

The Examiner correctly recognizes that Salina lacks the integrator by not rejecting 
Claims 1, 14 or 23 based on Salina. 

IX. Rejection of Claims 30-34. 36-48, 50-63, 74-77 and 79-101 under 35 U,S,C. 102(b) - 
Taylor 

Claims 30-34, 36-48, 50-63, 74-77 and 79-101 are rejected under 35 U.S.C. § 102(b) as 
being anticipated by U.S. Patent No. 3,936,876 to Taylor (hereinafter "Taylor"). 

Taylor discloses driver circuit 26 for voice coil winding 20. Driver circuit 26 includes 
drivers 53 and 54 and current sense circuit 55. Compensator 25 provides an error signal to 
drivers 53 and 54. 

Claim 30 recites "the driver provides a coil current to the voice coil motor ... the voice 
coil motor radially positions the head relative to the disk in response to the coil current ... the 
driver comprising ... an integrator that provides an integrated error current by integrating the 
error current . . . first and second amplifiers that provide the coil current by amplifying the 
integrated error current." Claims 38, 44, 48, 50 and 58 recite similar limitations, Claims 31-34, 
36 and 37 depend fi-om Claim 30, Claims 39-43 depend firom Claim 38, Claims 45-47 depend 
fi-om Claim 44, Claims 51-57 depend fi"om Claim 50, Claims 59-62 depend fi-om Claim 58 and 
Claims 63, 74-77 and 79-101 have been cancelled. 

Taylor fails to teach or suggest that driver circuit 26 includes an integrator between 
compensator 25 and drivers 53 and 54. Instead, resistor 141 is between compensator 25 and 
drivers 53 and 54. 
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The Examiner correctly recognizes that Taylor lacks the integrator by not rejecting 
Claims 1, 14 or 23 based on Taylor. 

X. Rejection of Claims 38, 42, 43, 50, 55-58. 61 and 63 under 35 U,S,C. 102(b) - 
Hassan ^717 

Claims 38, 42, 43, 50, 55-58, 61 and 63 are rejected under 35 U.S.C. § 102(b) as being 
anticipated by U.S. Patent No. 5,821,717 to Hassan et al. (hereinafter "Hassan '717"). 

Hassan *717 discloses disk drive 1 that includes error amplifier 112, predrive amplifier 
1 13, sense amplifier 1 14, actuator power block 220 (mislabeled 210 in Fig. 2) and actuator motor 
300. Sense amplifier 114 provides a sense signal proportional to the current through actuator 
motor 300, error amplifier 1 12 provides an error signal based on a current command signal and 
the sense signal, predrive amplifier 113 provides a bi-directional preamplified signal that 
controls both the direction and magnitude of actuator motor 300 based on the error signal, and 
actuator power block 220 drives actuator motor 300 based on the preamplified signal. 

Claim 50 recites "the driver provides a coil current to the voice coil motor ... the voice 
coil motor radially positions the head relative to the disk in response to the coil current ... the 
driver comprising ... an integrator that provides an integrated error current by integrating the 
error current ... an amplifier that provides the coil current by amplifying the integrated error 
current." Claims 38 and 58 recites similar limitations. Claims 42 and 43 depend from Claim 38, 
Claims 55-57 depend from Claim 50, Claim 61 depends from Claim 58 and Claim 63 has been 
cancelled. 

Hassan *717 fails to teach or suggest that disk drive 1 includes an integrator between 
error amplifier 112 and actuator motor 300. Instead, predrive amplifier 113 and sense amplifier 
1 14 are between error amplifier 1 12 and actuator motor 300. 
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The Examiner correctly recognizes that Hassan '717 lacks the integrator by not rejecting 
Claims 1, 14 or 23 based on Hassan *717. 

XI. Rejection of Claim 2 under 35 U.S.C. 103(a) - Rosenberg and Ratliff 

Claim 2 is rejected under 35 U.S.C. § 103(a) as being unpatentable over Rosenberg in 
view of U.S. Patent No. 6,088,185 to Ratliff et al. (hereinafter "RatUff '). 

Claim 2 depends from Claim 1. Rosenberg fails to teach or suggest all of the elements of 
Claim 1, as mentioned above, and Ratliff fails to cure this deficiency. 

XII. Reiection of Claims 2. 4, 5 and 65 under 35 U.S.C, 103(a) - Rosenberg and 
Harwood 

Claims 2, 4, 5 and 65 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Rosenberg in view of U.S. Patent No. 5,491,394 to Harwood et al. (hereinafter "Harwood"). 

Claims 2, 4 and 5 depend from Claim 1, and Claim 65 has been cancelled. Rosenberg 
fails to teach or suggest all of the elements of Claim 1, as mentioned above, and Harwood fails to 
cure this deficiency. 

XIII. Reiection of Claims 3, 27. 29 and 66 under 35 U.S.C. 103(a) - Rosenberg and 
Hassan ^717 

Claims 3, 27, 29 and 66 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Rosenberg in view of Hassan '717. 

Claim 3 depends from Claim 1, Claim 27 depends from Claim 23, and Claim 66 has been 
cancelled. Rosenberg fails to teach or suggest all of the elements of Claims 1 and 23, as 
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mentioned above, and Hassan '717 fails to cure this deficiency. Likewise, Rosenberg fails to 
teach or suggest all of the elements of Claim 29, and Hassan *717 fails to cure this deficiency. 

XIV. New Claims 

Claims 102-141 have been added. No new matter has been added. 

Claim 102 is allowable for at least the same reasons as Claim 1. Furthermore, Claim 102 
recites "the coil includes first and second coils and a center tap, and the first and second coils are 
coupled to one another at the center tap ... the driver comprises ... an amplifier that provides 
the coil current through the first and second coils in series while the center tap floats by 
amplifying the integrated error current in response to a track following operation; and a transistor 
that provides the coil current through the center tap such that the coil current is divided between 
and flows in parallel through the first and second coils in response to a seek operation." 
Rosenberg, Schlager, Ng, Jove, Salina, Hassan '717, Ratliff and Harwood fail to teach or suggest 
a coil that includes and first and second coils coupled at a center tap, and in Taylor the center tap 
of voice coil winding 20 is tied to a 24 volt supply. Claims 103-1 1 1 depend fi-om Claim 102 and 
are allowable for at least the same reasons as Claim 102. 

Claim 112 is allowable for at least the same reasons as Claim 102. Claims 113-121 
depend fi-om Claim 112 and are allowable for at least the same reasons as Claim 112. 

Claim 122 is allowable for at least the same reasons as Claim 102. Claims 123-127 
depend firom Claim 122 and are allowable for at least the same reasons as Claim 122. 

Claim 127 is allowable for at least the same reasons as Claim 102. Claims 128-131 
depend fi-om Claim 127 and are allowable for at least the same reasons as Claim 127. 
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Claim 132 is allowable for at least the same reasons as Claim 102. Claims 133-137 
depend from Claim 132 and are allowable for at least the same reasons as Claim 132. 

Claim 137 is allowable for at least the same reasons as Claim 102. Claims 138-141 
depend from Claim 137 and are allowable for at least the same reasons as Claim 137. 

XV. Other Amendments to Claims 

The claims have been amended to improve clarity. No new matter has been added. 

XVI. Amendments to Specification 

A substitute specification without claims (and a marked-up version thereof) is 
provided herein under 37 C.F.R. 1.125 to improve clarity of the specification. No new 
matter has been added. 

Applicant respectfiiUy requests that the substitute specification be entered. 

XVII. Amendments to Drawings 

Apphcant is submitting replacement Figures 1-4 (contained on Replacement Sheets 1-4) 
to improve the quality of the drawings. 

Figure 1 has been modified to clarify head 12, disk 14, spindle motor 16, preampHfier 18, 
channel 20, microprocessor 22, digital-to-analog converter 24, driver 26, actuator assembly 28, 
voice coil motor 30, actuator arm 32, coil 34 and permanent magnet 36 and to delete reference 
numerals 29, 35 and 38. 

Figure 2 has been modified to clarify driver 26, voice coil motor 30, coil 34, power chip 
40, sense resistors 42 and 44, capacitor 46, phase resistor 48, transconductance amplifier 50, 
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comparator 52, error buffer 54, amplifiers 56 and 58, transistors 60 and 62, reference voltage 
generator 64, voltage shifter 66, switch 68, coils 70 and 72, center tap 74, interface 76, terminals 
80, 82 and 84, the command current and voltages Vcc and Vcc/2 and to delete labels NPOR, 
VCOMP, VCMA, SENAL, VCMCT, VSENBL, VCMB, GNDV, MOTOR A, MOTOR B, 
MOTOR CT and the arrow within coil 34. 

Figure 3 has been modified to clarify driver 26, voice coil motor 30, coil 34, power chip 
40, sense resistors 42 and 44, transconductance amplifier 50, transistors 60 and 62, reference 
voltage generator 64, switch 68, coils 70 and 72, center tap 74, terminals 80, 82 and 84, 
programmable comparator 86, polarity comparator 88, predriver logic circuits 90 and 92, 
transistors 94, 96, 98 and 100, the command current, voltage Vcc and Toff programming and to 
delete labels NPOR, VCMA, SENAL, VCMCT, VSENBL, VCMB, GNDV, MOTOR A, 
MOTOR B and MOTOR CT. 

Figure 4 has been modified to clarify driver 26, voice coil motor 30, coil 34, power chip 
40, sense resistors 42 and 44, capacitor 46, phase resistor 48, transconductance amplifier 50, 
comparator 52, error buffer 54, transistors 60 and 62, reference voltage generator 64, switch 68, 
coils 70 and 72, center tap 74, terminals 80, 82 and 84, transistors 94, 96, 98 and 100, retract 
sequencer 102, reference retract velocity generator 104, amplifier 106, predriver logic circuit 
108, the command current, voltage VBEMF, the brake VCM, retract head and brake spindle 
motor control signals and to delete labels NPOR, VCMA, SENAL, VCMCT, VSENBL, VCMB, 
GNDV, MOTOR A, MOTOR B and MOTOR CT. 

No new niatter has been added. Figures 1-4 constitute all of the drawings of the 
application. 
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XVIIl. Additional Claim Fees 

In determining whether additional claim fees are due, reference is made to the Fee 
Calculation Table (below). 

Fee Calculation Table 



Claims Remaining 
After Amendment 


Highest Number 
Previously Paid For 

Present 
Extra 

Rate 

Additional 
Fee 

Total 

(37 CFR 1.16(c)) 

100 

Minus 

100 

- 0 

x$50 = 

$0.00 

Independent 

(37 CFR 1.16(b)) 

16 

Minus 

16 

= 0 

x$200 = 

$0.00 


As set forth in the Fee Calculation Table (above), Applicant previously paid claim fees 
for one hundred (100) total claims and for sixteen (16) independent claims. Accordingly, 
Applicant believes that no additional fees are due. Nevertheless, Applicant hereby authorizes the 
Commissioner to charge Deposit Account No. 50-2198 for any fee deficiencies associated with 
filing this paper. 

XIX. Conclusion 

It is beUeved that the above comments establish patentability. AppHcant does not 
necessarily accede to the assertions and statements in the Office Action, whether or not expressly 
addressed. 

Applicant believes that the application appears to be in form for allowance. Accordingly, 
reconsideration and allowance thereof is respectfully requested. 
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The Examiner is invited to contact the undersigned at the below-Usted telephone number 
regarding any matters relating to the present application. 

Respectfully submitted. 



Tejpal S. Hansra 
Registration No. 38,172 
Hansra Patent Services 
4525 Glen Meadows Place 
^ , Bellingham, WA 98226 

Date: hW^^'^i ^00 (360) 527-1400 
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Q01-1044-US1 

MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION UNDER 37 C.F,R, 1.125 

DRIVER DE\^CE AND METHOD FOR CONTROL OF PURE TORQUE VOICE COIL 

MOTOR IN DISK DRIVE 


BACKGROUND OF THE INVENTION 


Field of the Invention 


The present invention relates to disk drives th e field of magn e tic data r e ad/writ e devic e s , 
and more particularly, to a driver d eviee-and method for te-contro Uing a voice coil motor in a 
disk drive with a circuit . 

10 Discussion of the Related Art 

Disk drive 10 includes head 12. disk 14. spindle motor 16. preampUfier 18. channel 20. 
microprocessor 22. digital-to-analog converter (DAO 24. driver 26 and actuator assembly 28 
that includes voice coil motor (VCM) 30 and actuator arm 32. Furthermore. VCM 30 includes 
coil 34 and permanent magnet 36, 

15 Head 12 is a transducer that reads data from and writes data to disk 14. Head 12 is 

attached to or formed integrally with a slider. Disk 14 is a magnetic In disk driv e s, a storage 
medium that stores data in concentric tracks , such as a magn e tic disk, is rotat e d . _S A spindl e 
motor may cause th e disk to rotat e within th e disk driv e . Th e disk may b e mount e d to a spindl e 
attach e d to th e spindle motor. Th e s pindle motor 16 rotates th e spindl e and the disk 14 so that t e 

20 provide r e ad/writ e acc e ss to th e disk. h ead 12 is supported by a cushion of air fair bearing) at a 
flying height in close proximity to disk 14. 

Preamplifier 18 amplifies analog read signals from head 12 and passes the read signals to 
channel 20. and channel 20 demodulates the read signals and sends digital signals to 
microprocessor 22, Microprocessor 22 sends a digital command signal to DAC 24. which 
25 transforms the digital command signal into an analog command signal, and driver 26 receives the 
analog command signal and sends a coil current to VCM 30. 
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VCM 30 is coupled to actuator aim 32. which is a suspension that supports head 12. 

VCM 30 rotates actuator arm 32 about a pivot point to Disk driv e o may utiliz e a magnetic disk 
having oonoentric data tracks d e fin e d for storing data, a magn e tic r e cording h e ad, or transduc e r, 
for reading data fi-om and/or WTiting data to the various data tracks, a slider for supporting th e 
5 transducer in proximity to the data tracks in a flying mode abov e th e storag e m e dia, a susp e nsion 
assembly for supporting th e slid e r and the transducer ov e r the data tracks, and a positioning 
actuator coupled to the transducor/slid e r/susponsion mechanism for moveing head 12 radially 
across disk 14 the transducer across th e m e dia to selected the d e sir e d data t racks during seek 
operations, and maintains head 12 above selected tracks center lino during track following 
1 0 or writ e operations. 

VCM 30 is a fast response, direct current, pure torque motor that The transducer is 

attached to or is form e d intregally with th e slider that supports th e transduc e r abov e th e data 
surface of th e storag e disk by a cushion of air, referr e d to as th e air bearing, g e nerated by th e 
rotating disk. 

15 The actuator positions the transduc e r ov e r th e corr e ct track according to th e data d e sir e d 

on a road op e ration or to the corr e ct track for placem e nt of th e data during a writ e op e ration. Th e 
actuator is controlled to position the transducer over th e d e sir e d data track by shifting th e 
m e chanism assembly across th e surfac e of th e disk in a dir e ction generally transv e rs e to th e data 
tracks. Th e actuator may includ e a single position e r arm extending from a pivot point, or, 

20 alt e rnativ e ly, a plurality of positioner arms arrang e d in a comb lik e fashion e xt e nding fi-om a 
pivot point. A rotary voic e coil motor ("VCM") is attached to th e r e ar portion of th e actuator 
assembly to pow e r mov e m e nt of the actuator over th e disk. 

Tho VCM is locat e d at th e r e ar portion of th e actuator ass e mbly and includes compris e s a 

top and bottom p lates (not shown) and spaced above a bottom plat e with a magnet or pair of 

25 magnets th e r e b e tw ee n, coil 34 and permanent magnet 36 therebetween. The - The -coil current 
passes through coil 34 to generate a magnetic field that interacts with the magnetic field of 
permanent magnet 36 to create torque that rotates actuator arm 32V € ^ and positions head 
12 also may includ e an e lectrically conductive coil disposed within th e r e arward e xt e nsion of th e 
actuator ass e mbly and b e tween the top and bottom plat e s, whil e ov e rlying th e magnet in a plan e 

30 parallel to th e magn e t. In operation, curr e nt passes through th e coil and int e racts with th e 
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magnotio field of tho magn e t so as to rotat e th e actuator assombly around its pivot to position th e 
transducor as desir e d . Coil 34 is a stacked coil with two coils stacked relative to one another. 
When the coil current passes through the coils in the same direction the coils generate forces in 
opposite rotational directions that cancel each other and no torque is generated, and when the coil 
5 current passes through the coils in opposite directions the coils generate forces in the same 

rotational direction that supplement one another and torque is generated. In addition, mechanical 
Tho VCM may bo a fast r e sponse, direct curr e nt ("DC") motor. 

disturbance forces are balanced so that the coil current puts electrical energy into coil 34 that 
creates desired motion without wasting moment (pure torque). 

10 Disk drive 10 receives read and write commands from a host computer (not shown), and 

in response, performs read and write operations in which head 12 accesses different tracks on 
disk 14. The read and write operations include servo operations which include seek and track 
following operations. During a servo operation, microprocessor 22 receives servo position 
information from head 12, implements a servo control program by executing an estimator control 

15 loop program, and commands driver 26 to send a coil current to VCM 30 During operation of th e 
disk driv e , th e actuator is driv e n by th e VCM and positioned radially over th e disk surface und e r 
th e control of a positioning s e r\^o system. Th e VCM may b e controll e d by a microcontroll e r 
int e grat e d into th e disk driv e components. Th e s e rvo syst e m is d e sign e d to to.accurately position 
fee -head 12 r ead/write transduc e r over thea selected data-track on th e disk in as short a time as 

20 possible to enable the data transfer between head 12 and disk 14 . This action may bo Icnown as a 
seek operation. Th e s e rvo syst e m also may maintain tho road/writ e transducer position ov e r th e 
data track as accurately as possible. This action may b e loiown as a track following op e ration. 

Performanc e of th e D disk drive 10 increases its storage capacity by reducing the flying 
height of head 12 and by reducing the may be increas e d or mad e mor e effici e nt by making th e 
25 track spac ing on disk 14 e b e tw e en tracks . Reduced flying height increases the bits-per inch 
(BPI) on disk 14. and reduced track spacing increases the tracks-per-inch (TPD on disk 14. 
However, actuator assembly 28 is a non-rigid structure that exhibits small e r and by applying 
rapid forc e s in a short time. Th e access speed betw e en tracks may also b e incr e as e d. Motor 
r e solution should b e v e ry fin e to track data on tho disk with a v e ry tight toleranc e . If abl e to 
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follow tho data track accuratoly, th e n on e might b e abl e to writ e tracks clos e r to incroas e disk 
drivo capacity. 

Actuator assembli e s may hav e mild vibration at r esonant frequencies during the seek and 

track following operations. As a result, actuator assembly 28 creates mechanical disturbance that 
5 can degrade the performance of disk drive 10 as the flying height and the track spacing are 
reduced. For instance, at low flying height the mechanical disturbance can cause head 12 to 
contact disk 14, thereby damaging head 12 as it sticks to varnish on disk 14 and ruining data at 
the contact point on disk 14. Likewise, at high TPI the mechanical disturbance can limit the - feat 
advorr .e ly aff e ct th e p e rformance of tho s e rvo syst e m, servo bandwidth due to poor frequency 
10 response at tT he lowest resonant frequencie r e sonanc e s having th e low e st fr e quenci e s limit th e 
bandwidth of the s e r\^o system, which results in poor high fr e quency response and d e grad e d disk 
drivo performanc e . B e caus e th e m e chanical ass e mbly is not rigid, m e chanical fr e qu e nci e s e xist. 
Wh e n th e h e ad is in motion or sitting ov e r a track, a mod e rat e vibration may still aff e ct 
positioning of th e h e ad. Th e VCM should acooxmt for th e s e disturbanc e s s. 

15 Actuator assemblies have been designed with secondary motors that position the head 

relative to the disk and reduce the mechanical disturbance. However, dual-stage actuators 
require more A tt e mpts hav e b ee n mad e to r e duc e th e amount of disturbanc e in the actuator 
ass e mbly. On e att e mpt includ e s an additional motor that acts as a s e condary actuator. Two 
motors may bo used to corr e ct th e position of th e h e ad ov e r th e track. Disturbanc e may be 

20 reduc e d by l e tting th e s e cond actuator corr e ct som e of th e vibration. Two motors, how e v e r, 
incr e as e space r e quir e m e nts in fer-the disk drive. 

In addition, capacity of storag e m e dia is being push e d by diff e r e nt m e dia and diff e r e nt 

recording t e chniqu e s. On e issu e is att e mpting to retri e v e a larg e r signal off of th e disk by "flying 
lower," or closer to th e surfac e of tho disk. When flying lower, th e disk driv e should be mindfiil 
25 of bumps, varnish and tho lik e that may contact tho head. Wh e n th e h e ad lands on th e sxirfac e of 
th e disk, it t e nds to stick which may damag e tho head. Further, e v e ry time th e hoad touch e s the 
disk, th e risk e xists that th e data und e r th e h e ad may be ruin e d. 

Thusr ^re is therefore attempts to inoroaso capacity and sp ee d in disk driv e s hav e r e sult e d 
ifl-a need for improved position fi nefK^ontrol of a head ov e r th e m e chanical assembli e s of in a 
30 disk drives. 
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SUMMARY OF THE INVENTION 

The present invention provides a driver for a To aohiov e thoso and other advantag e s and 
in aooordano e with th e purpos e of the pres e nt inv e ntion, as embodied and broadly d e scrib e d, a 
driv e r d e vice and method for a pxxr e torqu e voice coil motor in a disk driv e is disclos e d . 

5 T According to an embodiment of th e pr e s e nt inv e ntion, h e,a^ver having a current 

control d e vice for a voic e coil motor in a disk driv e is provided. The driv e r includes a sensor 
that provides a sense current bv sensing to s e ns e a coil cxirrent in the voice coil motors 
comparator that provides an error current bv determining a difference between a command 
current and the sense current, an integrator that provides an integrated error current bv 
10 integrating the error current, and an amplifier that provides the coil current bv amplifying the 
integrated error curren t . The driv e r also includ e s a transconduotanc e amphfi e r to d e t e ct an e rror 
curr e nt from th e coil current and th e command curr e nt. Th e driv e r also includ e s a comp e nsator 
to int e grat e th e error curr e nt into th e coil curr e nt . 

According to anoth e r embodim e nt of th e pr e s e nt inv e ntion, a m e thod for tracldng a disk 
15 using a voic e coil motor coupl e d to a driver is disclos e d. Th e m e thod includ e s s e nsing a coil 
current in th e voic e coil motor. The m e thod also includes det e rmining an error current from th e 
coil cxirr e nt and a command curr e nt. Th e m e thod also includ e s int e grating th e e rror cxirr e nt into 
th e coil curr e nt. 

In According to an oth e r embodiment of th e pr e s e nt inv e ntion , the sensor includes a sense 

20 resistor that provides a sense voltage in response to the coil current and a transconductance 

amplifier that provides the sense current in response to the sense voltage a cxirr e nt control d e vic e 
for a voic e coil motor driver is disclos e d. Th e voic e coil motor driv e r is coupl e d to a 
microproc e ssor to r e c e iv e commands specifying a command curr e nt for a voic e coil motor. Th e 
curr e nt control d e vic e includes an amphfi e r to driv e th e voic e coil motor with a coil curr e nt. Th e 
25 curr e nt control devic e also includes a comp e nsator circuit to int e grat e an e rror current with th e 
command curr e nt to g e n e rat e th e coil curr e nt. Th e e rror curr e nt is d e t e ct e d with a s e nsor 
coupled b e tw ee n th e amphfier and the voic e coil motor . T 

According to an e mbodiment of th e pr e s e nt inv e ntion, h e integrator includes a capacitor 

coupled to a node between the comparator and the amphfie r a driv e r having a current control 
30 d e vic e for a voic e coil motor is disclosed. The driver includ e s an amplifi e r to drive the voic e 
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coil motor with a ooil curront. Th e ooil ourrent flows from ono t e rminal of tho voice coil motor 
to anoth e r t e rminal. Both t e rminals or e coupl e d to tho driver. The driv e r also includ e s a s e nsor 
to sonso th e ooil ourr e nt in th e voice ooil motor. Th e sensor is coupled betw ee n th e amplifi e r and 
tho voice coil motor. Tho driv e r also includ e s a curront sonso amphfi e r to amplify a voltag e 
5 across th e s e nsor. Th e voltag e correlat e s to th e ooil curront. Tho driv e r also includ e s a 

transconduotanco amplifi e r coupl e d to th e curr e nt sens e amplifi e r to r e c e iv e tho voltag e and a 
command curront. Th e transoonductanc e amplifi e r calculates an error ourr e nt. Th e driver also 
includes an integrator coupl e d to tho transconductano e amplifier to integrat e tho error curr e nt 
into th e command ourr e nt to det e rmin e th e coil curr e nt . T 

10 According to anoth e r ombodim e nt of th e present inv e ntion, h e coil includes first and 

second coils and a center tap therebetween. The amplifier includes first and second amplifiers, 
the first amplifier is coupled to the first coil the second amplifier is coupled to the second coil, 
the first amplifier is coupled to the second coil and the center tap through the first coil and the 
second amplifier is coupled to the first coil and the center tap through the second coil. The 

15 driver also includes first and second transistors coupled to the center tap and coupled to the first 
and second coils through the center tap a driver having a curr e nt controll e r for a voic e coil motor 
is disclos e d. Th e driv e r includ e s a s e t of transistors coupl e d to the coil motor by a cent e r tap. 
Th e s e t of transistors supply a coil curr e nt having a wav e form to th e c e nter tap. Th e driv e r also 
includ e s a current s e ns e amplifi e r to d e t e ct th e ooil curr e nt. Th e driv e r also includ e s a 

20 comparator to shap e a command curr e nt wav e form to th e coil ourr e nt wave form. Th e driv e r 
also includ e s a bipolar switch control to r e c e iv e the command curr e nt wav e form and to satiu'at e 
tho set of transistors . 

In According to another embodimen ts of th e present inv e ntion , the first amplifier is 
coupled to the first coil by a first terminal the second amplifier is coupled to the second coil by a 

25 second terminal the first and second transistors are coupled to the center tap by a third terminal 
and an interface between the driver and the voice coil motor consists of the first, second and third 
terminals a m e thod for controlling a voice ooil motor acc e ssing a track on a magnetic disk with a 
driv e r is disclosed. Th e method includes supplying a coil curr e nt to th e voice coil motor. Th e 
m e thod also includ e s amplifying th e coil ourr e nt. Tho method also includ e s shaping a command 

30 curr e nt wav e form according to the ooil ourr e nt . 
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In According to another embodimen t of th e prosont invention , the first and second 
amphfiers provide the coil cxirrent through the first and second coils in series, the first and 
second transistors are turned off and the center tap floats and in response a track following 
operatio n curr e nt control d e vic e within a driv e r for controlling a voic e coil motor to s e ek a track 
5 on a storage m e dia is discloG e d. Th e curr e nt control devic e includ e s a coil curr e nt supplied to th e 
voic e coil motor along a c e nt e r tap coupl e d to th e driv e r. Th e current control d e vic e also 
includ e s a comparator to shap e a wav e form of a sp e cifi e d command curr e nt in accordance with a 
waveform of the coil current. Th e command cxirrent driv e s a bipolar switch coupl e d to th e c e nt e r 

TCST7* 

10 In According to another embodiment of th e pr e s e nt inv e ntion , , a driv e r having a curr e nt 

control d e vice for controlling a voic e coil motor during a s ee k mod e . Th e driv e r includ e s a 
curr e nt s e ns e amplifi e r to d e t e ct a coil ciurent within th e voic e coil motor. Th e coil current is 
suppli e d by a c e nt e r tap coupl e d to th e driv e r and th e voic e coil motor. Th e driv e r also includ e s 
a curr e nt command to specify a command curr e nt having a waveform. Th e driv e r also includ e s a 

15 comparator coupl e d to the curr e nt s e ns e amplifi e r to r e c e iv e the current command and shap e th e 
command current wav e form according to a wav e form of th e coil curr e nt. Th e driv e r also 
includ e s a bipolar switch coupl e d to th e comparator to tum on and off a s e t of transistors to 
supply th e command curr e nt to th e c e nt e r tap the first transistor sends the coil current through the 
center tap in a first direction, sends a first portion of the coil current through the first coil and 

20 sends a second portion of the coil current through the second coiL and the first and second 

amplifiers and the second transistor are turned off in response to a first seek operation that moves 
the head across the disk in a first radial direction, and the second transistor sends the coil current 
through the center tap in a second direction opposite the first direction, sends a first portion of 
the coil current through the first coil and sends a second portion of the coil current through the 

25 second coil, and the first and second amplifiers and the first transistor are turned off in response 
to a second seek operation that moves the head across the disk in a second radial direction 
opposite the first radial direction . 

According to anoth e r embodiment of th e pres e nt invention, a driv e r for controlling a 

voic e coil motor during a r e tract mod e is disclos e d. The voice coil motor has a first coil motor 
30 and a s e cond coil motor. Th e driver includes a s e nsor to s e ns e a v e locity voltage across th e 

s e cond coil motor. Th e driv e r also includ e s an error amplifi e r to calculate a diff e r e ntial b e tween 
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tho volocity voltag e and a command voltage. Th e driver also includ e s a r e tract amplifi e r to 
compensate th e command voltag e with th e diff e r e ntial. 

According to another e mbodim e nt of th e pr e s e nt inv e ntion, a m e thod for controlling -a 

voic e coil motor having a first coil motor and a s e cond coil motor with a driver during a retract 
5 mod e is disclos e d. Th e m e thod includ e s detecting a v e locity voltag e with th e second coil motor. 
Th e m e thod also includes d e t e rmining a diff e r e ntial vohag e b e tw ee n th e v e locity voltage and a 
command voltag e . Th e m e thod also includes comp e nsating th e command voltag e with th e 
diff e rential voltag e . 

It is te-be-understood that both the foregoing general description and the following 
10 detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings , which ar e includ e d to provide further understanding of the 
invention and ar e incorporat e d in and constitut e a part of this sp e cification, illustrat e 
15 e mbodim e nts of th e inv e ntion and together with the detailed description serve to explain the 
principles of the invention. In th e drawings: 

FIG. 1 illustrates a disk drive that includes w ife-a driver and a v oice coil motor4n 
accordanc e with an e mbodim e nt of th e pr e s e nt inv e ntion ; 

FIG. 2 illustrates the driver and the a pur e torque v oice coil motor driver during 
20 configur e d a_te-a-track_-following operation mede-in accordance with an embodiment of the 
present invention; 

FIG. 3 illustrates the driver and the a pur e torqu e voice coil motor driver during a 
configur e d^to a seek operation m ede-in accordance with an embodiment of the present invention; 
and 

25 FIG. 4 illustrates the driver and the a pur e torque v oice coil motor during a retract 

operation configur e d to a ramp load mod e in accordance with an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in detail with the accompanying drawings. 

A motor driver and ramp loading circuit is disclos e d for a VCM. Th e VCM has two coils, or 
coil motors, that allow dual mod e s of op e ration. During acc e ss, th e two coil motors ar e driv e n 
5 with th e some polarity to g e n e rat e th e access torqu e . During traolcing, th e two coil motors ar e 
driven with opposit e polarity forming a forc e coupl e . Th e forc e coupl e produces th e d e sir e d 
amount of torqu e n ee d e d to follow a track while eliminating the reaction forc e s on the motor 
bearing. By eliminating th e r e action forc e s on th e b e aring, a r e duction in both bearing wear and 
run out is achi e v e d. Th e improv e d traclcing du e to bearing run out reduction would l e ad to an 
10 incr e as e in th e disk file storag e capacity. 

Embodim e nts of th e pr e sent invention include a motor driver having thr ee mod e s of 

operation. First is a switch mod e p e alc current controller for acc e ss op e rations. S e cond is a 
lin e ar mod e class AB amplifi e r current controll e r for track following. Third is a lin e ar mod e 
v e locity controll e r for ramp load. 

15 During acc e ss, th e switch mod e controll e r allows shaping of the motor current wav e form 

without an incr e as e in th e power consumption. A r e duction in the s ee k acoustic may bo achi e v e d 
by shaping th e access curr e nt wav e form. During ramp load the motor driv e r may utiliz e on e of 
th e VCM coils as a v e locity transduc e r whil e using th e other coil to provid e the ne e d e d torqu e to 
regulate th e VCM v e locity in a continuous mann e r. 

20 Fig. 1 d e picts a disk driv e 10 with a voic e coil motor in accordanc e with an embodim e nt 

of the pres e nt invention. Disk driv e 10 may b e a magn e tic hard disk driv e . Disk driv e 10 r e ads 
and writ e s data to th e storag e m e dia 2 8 . Storag e m e dia 28 may b e magn e tic storag e m e dia that is 
mounted on spindle 29 and rotat e d by spindl e motor 27. Actuator 1 8 mov e s road/write heads 30 
across storag e m e dia 2 8 in respons e to commands fi:om a host. VCM 20 compris e s voic e coils 

25 26 and provid e s th e forc e n e c e ssary to move actuator 1 8 . VCM 20 e mploys voic e coils 26 that 
vari e s a magn e tic fi e ld in th e proximity of a p e rman e nt magnet 32. Th e magn e tic field vari e s by 
changing th e curr e nt within VCM coils 26 

Microprocessor 12 implem e nts a s e rvo controller program by e x e cuting an estimator 3 8 

control loop program. This action controls the curr e nt to VCM 20 through digital to analog 
30 conv e rt e r 22 and current driver 36. Curr e nt driv e r 36 provides curr e nt to VCM 20 through lin e 
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35. Mioroprooossor 12 r e c e iv e s s e rvo position information r e ad by h e ad 30 from m e dia 28. Th e 
position information is amplifi e d by pr e amplifi e r 31 and domodulatod by servo chann e l 25. 

VCM 20 may b e a pure torque voic e coil motor. Torqu e is creat e d duo to motion of th e 

arm and du e to m e chanical disturbances. A way to r e duc e torqu e is to impl e m e nt a pur e torqu e 
5 motor around th e c e nt e r of gravity of th e moving mass. Th e disturbanc e forc e s oro balanc e d. 
Th e principl e behind th e pure torqu e VCM is not to wast e any moment, and try to utiliz e all th e 
torque. All e l e ctrical e n e rgy put into th e coil winding to mov e th e motor is going to chang e into 
torqu e for the d e sir e d motion. 

In a pr e f e rr e d e mbodiment, a stack e d coil, pure torqu e motor is impl e ment e d. Th e 

10 stack e d coil embodim e nt us e s an additional coil, or two coils ov e r e ach oth e r. When th e curr e nt 
is driv e n in th e coil in th e same dir e ction, an axis torqu e is g e nerat e d. Wh e n th e current is driv e n 
in th e opposit e direction, a forc e coupl e is generat e d that is balanc e d around th e b e aring of th e 
assembly mass. 

Another approach may b e shaving th e magn e tic circuit and using a p e rman e nt 

15 magn e tic/stationary part of th e motor as the coil is moving. An additional coil, how e v e r, should 
b e l e ss costly than an additional magn e t. 

Fig. 2 shows driver 26 and VCM 30 during d e picts a pur e torqu e voic e coil motor driv e r 
configur e d to a track following operation m ede-in accordance with an embodiment of the present 
invention. 

20 Track following mod e indicates that th e m e chanical as se mbly is moving the h e ad to 

follow a track. A forc e coupl e should bo cr e at e d, as disclos e d abov e . Actuator assembly 200 
includ e s VCM 20 4 . Driv e r 202 provides current and control for VCM 20 4 . Driv e r 202 may 
r e c e iv e commands from a microprocessor and curr e nt commands from a DAC to plac e VCM 
20 4 into differ e nt mod e s or to p e rform various op e rations. Driver 26 includes 202 may b e 

25 int e grat e d in th e p ower int e grat e d chip 40. sense resistors 42 and 44. capacitor 46 and phase 

resistor 48. Power chip 40 is an integrated circuit (IC) ("IC") that is located on a printed circuit 
board (not shown) in disk drive 10, and resistors 42. 44 and 48 and capacitor 46 are discreet 
components extemal to power chip 40 tho drive PCB . 
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Driver 26 also includes, within power chip 40. transconductance amplifier 50. comparator 

52. error buffer 54. amplifiers 56 and 58, transistors 60 and 62, reference voltage generator 64, 
voltage shifter 66 and switch 68. Transconductance amplifier 50 is a voltage-to-current 
converter. Comparator 52 provides an error current based on the difference between the input 
5 currents. Error buffer 54 provides a buffer amplifier between capacitor 46 and comparator 52 at 
the input and amplifiers 56 and 58 at the output. Amplifiers 56 and 58 provide the coil current 
during selected operations. Transistors 60 and 62 are DMOS transistors that provide the coil 
current during selected operations. Reference voltage generator 64 generates a reference voltage 
(Vref) based on a supply voltage (Vcc) fi-om an extemal power supply. Voltage shifter 66 
10 generates half the supply voltage (Vcc/2) based on the supply voltage. Switch 68 connects driver 
26 to the power supply when the supply voltage is present during normal operation of disk drive 
10 that includes seek and track following operations and disconnects driver 26 fi-om the power 
su pply when the supply voltage is absent. 

VCM 30 includes coil 34 which includes coils 70 and 72 and center tap 74. Coils 70 and 

15 72 are separate stacked coil windings that provide separate motors and generate separate 

magnetic fields in response to the coil current to create separate rotational forces within VCM 
30. Coils 70 and 72 are coupled at center tap 74. 

Interface 76 is located between driver 26 and VCM 30 and consists of terminals 80. 82 

and 84. Amphfier 56 is coupled to terminal 80 by sense resistor 42. ampUfier 58 is coupled to 

20 terminal 82 by sense resistor 44. and transistors 60 and 62 are directly connected to terminal 84. 
Likewise, amplifier 56 is coupled to coil 70 by terminal 80. amplifier 58 is coupled to coil 72 by 
terminal 82. and transistors 60 and 62 are coupled to center tap 74 by terminal 84. Furthermore, 
amplifier 56 is coupled to coil 72 and center tap 74 by coil 70. amplifier 58 is coupled to coil 70 
and center tap 74 by coil 72. and transistors 60 and 62 are coupled to coils 70 and 72 by center 

25 tap 74. Advantageously, interface 80 is a three-terminal interface rather than a four-terminal 
interface, as is conventional for VCMs with dual coils. 

VCM 20 4 may oompriso two separat e motors, coil motor 206 and coil motor 210. Coil 

motors 206 and 210 also may b e Icnown as ooils. Coil motors 206 and 210 compris e coil 
windings that rocoiv e a current to cr e ate a magn e tic fi e ld. Coil motors 206 and 210 ar e 
30 connootod to a oontor tap 20 8 . Thus, instead of four terminals fi-om VCM 201 for two difForont 
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coil motors, throo t e rminals or e us e d to cr e at e th e forc e oouplo according to the pr e s e nt 
invention. By conn e cting th e coils of coil motors 206 and 210 in this manner, e ach coil will 
induc e a magnetic fi e ld in th e opposite dir e ction of th e other coil- 
Amplifiers 56 and 58 provide the coil current through coils 70 and 72 during the track 
5 following operation. In particular, amplifiers 56 and 58 operate as a class AB amplifier, 
transistors 60 and 62 are turned off (the gates are coupled to ground), the coil current flows 
through coils 70 and 72 in series and center tap 74 floats. Driver 26 provides the coil current 
through coil 34 as though it is a single coil without a center tap, coils 70 and 72 provide opposing 
rotational forces in opposite rotational directions and head 12 is maintained over the selected 
10 track on disk 14. 

Driver 26 provides the coil current as an approximation of the command ciurent received 

fi-om microprocessor 22 via DAC 24 during the track following operation. The coil current 
flows through sense resistors 42 and 44, coils 70 and 72 and terminals 82 and 82 in series. Sense 
resistors 42 and 44 have low resistance and therefore little affect on the coil current. Sense 

15 resistor 42 provides a sense voltage that corresponds to the coil current, and transconductance 

amplifier 50 converts the sense voltage into a sense current which corresponds to the coil current. 
Comparator 52 provides an error current as the difference between the conmiand current and the 
sense current. Capacitor 46 integrates the error current to provide an integrated error current. 
Phase resistor 48 provides phase lead in the integrated error current. Error buffer 54 provides the 

20 integrated error current to amplifiers 56 and 58, and amplifiers 56 and 58 amplify the integrated 
error current to provide the coil current to VCM 30. 

Driver 26 implements a current feedback loop that adjusts the coil current in response to 

the difference (error) between the coil current and the command current so that the coil current is 
about equal to the command current. Advantageouslv, integrating the error current increases 

25 gain in the current feedback loop and reduces steady state error in the current feedback loop. 
Moreover, introducing phase shift in the integrated error current offsets or cancels phase shift 
due to a motor electrical time constant of VCM 30. In this manner, capacitor 46 and phase 
resistor 48 provide a dynamic compensator in which capacitor 46 functions as an integrator and 
resistor 48 fimctions as a phase corrector. The dynamic compensator provides the current 

30 feedback loop with If two coils are oonneotod in s e ri e s, and not with th e c e nt e r tap, and current is 


12 


Q01-1044-US1 

driven from on e t e rminal to th e oth e r t e rminal, thon a foroo ooupl e may b e or e atod. For exampl e , 
if current is driven from the terminal for coil motor 206 to the terminal for coil motor 210, then 
VCM 204 may cr e at e a force ooupl e . Th e forc e coupl e may b e a c e rtain p e rc e ntag e of th e 
availabl e torque, but would eliminat e th e r e action forc e s on th e m e chanical assembly of VCM 
5 20 4 , Th e refor e , in track following mod e , driv e r 202 may s e e only one coil with c e nt e r tap 208 
disconn e ct e d. 

Center tap 208 may b e driven by two DMOS transistors 220 and 222. With center tap 

208 disconn e cted, the gates of transistors 220 and 222 ar e conn e ct e d to groimd. Transistors 220 
and 222 ar e turned off, or "floating." 

10 Driv e r 202 includ e s amplifi e rs 216 and 21 8 in a Icnown AB ampUfi e r configuration. 

i\mpHfiers 216 and 21 8 may deliver the current to drive VCM 201. Amplifiers 216 and 218 
receive curr e nt from e rror buff e r amplifi e r 233. Th e amount of curr e nt may b e determin e d by a 
VCM curr e nt command 230. Curr e nt command 230 may b e g e n e rat e d by a microcontroll e r 
coupl e d to driver 202. Current command 230 is r e c e iv e d at e rror buffer amplifier 233, which 

IS th e n indicates to ampUfi e rs 216 and 21 8 the amount of curr e nt to driv e VCM 20 4 . 

Driver 202 may d e sir e to Icnow wheth e r th e current through VCM 20 4 is at or about th e 

curr e nt sp e cified by current command 230 from th e DAC programming. Th e claim e d 
embodim e nts of th e pr e s e nt inv e ntion d e t e ct th e curr e nt within VCM 20 4 and controls th e 
curr e nt from amplifi e rs 216 and 21 8 to approximat e th e curr e nt d e fined by curr e nt command 
20 230. Transconductance amplifier 226 and int e grator/comp e nsator 22 4 det e ct an e rror curr e nt 
within VCM 20 4 and int e grat e th e e rror curr e nt into th e command curr e nt. 

R e ferring back to VCM 20 4 , a coil curr e nt may b e s e nsed through th e coil windings by 

s e nsor 212. Pref e rably, sensor 212 is a r e sistor. Mor e pref e rably, s e nsor 212 is a r e sistor having 
low r e sistanc e . Sensor 212 may b e e xt e mal to driv e r 202. Th e curr e nt across sensor 212 creat e s 
25 a s e ns e voltage b e tw ee n VCMA and SENAL in Fig. 2. Cxirr e nt s e ns e amplifier 232 d e t e cts th e 
s e ns e voltag e . Accordingly, VCMA may be s e nse amplifi e r HI and SENAL may be s e ns e 
amplifi e r LO. 

Curr e nt s e ns e amplifier 232 amplifi e s th e sens e voltag e to b e f e d into transconductanc e 

amplifier 226. Transconductanc e amplifier 226 amplifies and conv e rts from voltag e to curr e nt 
30 the difference between the VCM current command 230 voltag e and the amplifi e d current sense 
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voltago. The e rror curr e nt from tronconduotanoo amplifi e r is f e d into a dynamic oompenoator 
notv r ^ork 22^. Comp e nsator 22 4 includ e s a capacitor and a resistor. The capacitor s e rv e s as an 
integrator for th e e rror curront. By adding int e gration, th e curr e nt control loop gain is incr e as e d 
and tho loop st e ady stat e e rror may b e e liminat e d. A phase l e ad t e rm may bo produc e d by 
5 adding a resistor in s e ri e s to th e capacitor. Th e phase load term is design e d to cancel th e phas e 
lag introduc e d by a motor el e ctrical tim e constant. Th e curr e nt control loop bandwidth may b e 
incr e ased by comp e nsating for tho phas e lag introduc e d by th e motor e l e ctrical time constant. 
Thus, an improv e d loop transi e nt respons e increased bandwidth to improve m av r e sult and b e tt e r 
traclcing in track following mod e may b e e nabled by th e incr e as e d loop bandwidth . 

10 The control of th e current is driv e n by th e s e ns e d current through s e nsor 212. Sensor 21 4 

also may b e includ e d in th e s e nsing circuit. Pr e f e rably, th e curr e nt in th e windings of VCM 20 4 
should b e about e qual with th e current sp e cifi e d by conmiand 230. Th e curr e nt control loop 
bandwidth should b e high enough to m ee t th e transi e nt r e spons e of th e driver syst e m. For 
example, the current feedback loop has a bandwidth should b e anywh e r e from about 20 kHz to 

15 30 kHz to provide the necessary transient response of bandwidth . 

By adding th e int e grator/comp e nsator 22 4 aft e r th e e rror curr e nt is det e rmin e d, th e 

pot e ntial for DC e rror is r e duc e d. Int e grator/comp e nsator 22 4 includ e s a r e sistor in s e ri e s with 
th e capacitor. A tim e constant may b e built with int e grator/comp e nsator 22 4 , causing a tim e 
phas e lag. 

20 Thus, embodim e nts of th e claim e d inv e ntion disclos e building a transconductanc e curr e nt 

control for VCM 20 4 . Th e e rror curr e nt is d e termin e d and int e grat e d into tho conmiand curr e nt. 
Th e int e grat e d cxur e nt driv e s amplifi e rs 216 and 21 8 to d e liv e r th e winding curr e nt. 

Th e ov e rall current control loop may b e r e f e r e nc e d to an int e rnally g e nerated refer e nce 

voltage. Current sens e amplifi e r 232, transconductanc e e rror amplifi e r 226 and e rror buff e r 

25 amplifi e r 233 op e rate in a bipolar fashion aroimd th e int e mally g e n e rated referenc e voltag e . 
Amplifi e r 23 4 is used to gen e rat e th e driv e r voltage r e f e renc e . In order to drive th e VCM 
winding differentially in a symm e trical fashion, th e output voltag e drive has to b e lev e l shift e d to 
half of tho supply voltago VISOV/2. The amplifier 236 is used to generate VISOV/2 for tho 
output amplifier. Symmetrical driv e aroxmd VISOV/2 may b e important during th e acc e ss mod e 

30 wh e r e th e HDD s ee k performanc e is ins e nsitiv e to th e s ee k dir e ction. 
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CloGG AB output omplifiors 216 and 21 8 oro bioGod by tho VISOV voltago. Tho VISOV 

voltago is oonnootod to tho spindl e motor driver bridge. During normal op e ration, tho VISOV 
voltago is connoot e d to the disk drive pow e r supply VCC via switch 23 8 . When pow e r is abs e nt, 
switch 23 8 is op e n e d and VCM driv e r 202 uses th e voltago g e nerat e d by th e spindlo rectifi e d 
5 BEMF as its power supply to p e rform r e tract and ramp load. 

Fig. 3 shows depicts a pure torqu e voic e coil motor driver 26 and VCM 30 during 
configur e d to a seek operatiom Hede in accordance with an embodiment of the present invention. 

Driver 26 also includes, within power chip 40, programmable comparator 86. polarity 

comparator 88. predriver logic circuits 90 and 92 and transistors 94. 96, 98 and 100. 

10 Programmable comparator 86 provides control signals based on a comparison between the 
command current and the sense current as well as time off (Toff) programming. Polarity 
comparator 88 provides control signals based on the polarity of the command current. Predriver 
logic circuit 90 enables and disables (tums on and off) transistors 60. 94 and 96 based on the 
control signals fi'om comparators 86 and 88. and predriver logic circuit 92 enables and disables 

15 (tums on and off) transistors 62. 98 and 100 based on the control signals fi'om comparators 86 
and 88. 

Transistors 94 and 96 are coupled to terminal 80 by sense resistor 42. and transistors 98 

and 100 are coupled to terminal 82 by sense resistor 44. Likewise, transistors 94 and 96 are 
coupled to coil 70 by terminal 80. and transistors 98 and 100 are coupled to coil 72 by terminal 
20 82. Furthermore, transistors 94 and 96 are coupled to coil 72 and center tap 74 by coil 70. and 
transistors 98 and 100 are coupled to coil 70 and center tap 74 by coil 72. 

Transistors 60. 62. 94. 96. 98 and 100 provide the coil current through coils 70 and 72 

during seek operations. In particular, transistors 60. 96 and 100 are turned on. amplifiers 56 and 
58 and transistors 62. 94 and 98 are tumed off and the coil current flows through center tap 74 

25 and flows in parallel through and is divided approximately equally between coils 70 and 72 
during a seek operation in which head 12 moves across disk 14 in a first radial direction. 
Likewise, transistors 62. 94 and 98 are tumed on. amplifiers 56 and 58 and transistors 60. 96 and 
100 are tumed off and the coil current flows through center tap 74 and flows in parallel through 
and is divided approximately equally between coils 70 and 72 during a seek operation in which 

30 head 12 moves across disk 14 in a second radial direction. Driver 26 provides the coil current 
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through coil 34 and center tap 74, about one-half the coil cxirrent through coil 70 and about one- 
half the coil current through coil 72. coils 70 and 72 provide additive rotational forces in the 
same rotational direction and head 12 moves across disk 14 to the selected track during seek 
operations in both radial directions. 

5 Driver 26 provides the coil current based on the command current received from 

microprocessor 22 via DAC 24 during the seek operation. The coil current flows through center 
tap 74 and terminal 84. at which point it is divided into a first portion (about one-half the coil 
current) that flows through sense resistor 42, coil 70 and terminal 80 in series and a second 
portion (about one-half the coil current) that flows through sense resistor 44, coil 72 and terminal 
10 82 in series. Sense resistors 42 and 44 provide a sense voltage that corresponds to the coil 

current, and transconductance amplifier 50 converts the sense voltage into a sense current which 
corresponds to the coil current. 

Programmable comparator 86 provides high (asserted or logical "one") control signals to 

predriver logic circuits 90 and 92 until the sense current reaches the command current, and then 

15 programmable comparator 86 provides low (deasserted or logical "zero") control signals and 
activates the Toff counters set bv the Toff programming so that the control signals remain low 
until the Toff period expires. Thereafter, the cvcle repeats itself Thus, programmable 
comparator 86 drives transistors 60 and 62 into saturation with pulse width modulation (PWM) 
indcpendentlv of the integrated error current, and the PWM has a dutv cvcle that is active based 

20 on the magnitude of the coil current relative to the command current and is inactive based on the 
predetermined Toff period. 

Polaritv comparator 88 compares the command current with the reference voltage to 

determine the polaritv of the command ciurent, which indicates the radial direction of the seek 
operation, and provides control signals to predriver logic circuits 90 and 92 based on the polaritv 

25 of the command current. Polaritv comparator 88 provides a high control signal that turns on 
transistors 60, 96 and 100 and a low control signal that turns off transistors 62, 94 and 98 if the 
command current is less than the reference voltage and therefore indicates that the seek operation 
occurs in the first radial direction, and polaritv comparator 88 provides a low control signal that 
turns off transistors 60, 96 and 100 and a high control signal that turns on transistors 62, 94 and 

30 98 if the command current is greater than the reference voltage and therefore indicates that the 
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seek operation occurs in the second radial direction. Sook mod e indioat e o that th e m e chanical 
asGombly is moving th e head to find, or s e ek, a track. Th e two coils of VCM 20 4 ar e driven in 
paralloL Actuator aooombly 200 includes driver 202 and VCM 201. Driver 202 providoo current 
and control for VCM 201 Driv e r 202 may r e c e iv e commands fi-om a DAC to plac e VCM 20 4 
5 into diff e rent mod e s or to p e rform various op e rations. 

In linear motor driv e r t e chnology, th e t e mp e ratur e ris e in th e motor driv e r int e grat e d chip 

may b e du e to incr e as e d power dissipation. This dissipation, in turn, prohibits th e shaping of th e 
motor curr e nt wav e form that flows through the coils. Op e rations to shap e the motor curr e nt 
waveform e liminat e s the acoustic nois e produc e d by the disk drive whil e in s ee k mod e . In 
10 mod e m disk driv e applications, an incr e asing n ee d for r e ducing th e amount of acoustic nois e is 
desired during seek op e rations. Embodim e nts of th e present invention may allow shaping of the 
motor current without an incr e as e in th e power dissipation in th e motor driver int e grat e d chip. 

In sook mode, the AB ampHfiors 216 and 218 of Fig. 1 ar e disabled. The gates of DMOS 

transistors 220 and 222 are controll e d by logic elem e nts of driv e r 202 to provide current to VCM 
15 20 4 . Transistors 220 and 222 may b e laiown as "bor e " transistors. Driv e r 202 delivers th e 

current to cent e r tap 20 8 . By r e c e iving th e current firom c e nt e r tap 20 8 , coil motors 206 and 210 
are driven in parall e l. 

For switching op e rations, driv e r 202 is turned on for a certain duty cycl e with driver 202 

controlling th e actuator in one direction to achi e v e th e curr e nt r e c e iv e d by th e DAC 
20 programming, or th e command current 230. Onc e achi e v e d, th e driv e r is switch e d to off Und e r 
this op e ration, driv e r 202 may b e Icnown as a poalc curr e nt, switch driv e r. Curr e nt in th e coils 
would e qual th e command curr e nt at th e ir p e aks. 

According to embodiments of th e pr e s e nt inv e ntion, driv e r 202 may be turned on for a 

saturation p e riod d e p e nding on the curr e nt valv e from DAC 230, and th e n turned off for a 

25 constant p e riod of time. Driv e r 202 tums on th e appropriat e transistors depending on th e polanty 
of th e command e d curr e nt fi-om DAC 230. Th e output voltag e of motor current sens e amplifi e r 
232 is about e qual to th e sum of current in both coil motors 206 and 210, Wh e n comparator 
d e vic e 302 detects that th e motor winding curr e nt sum has r e ach e d th e conmaand e d curr e nt, 
driv e r 202 is switch e d off. Th e current in e ach winding ris e s to about half of th e command 

30 curr e nt. Th e "off p e riod may bo programmable by a microproc e ssor and may d e termin e th e 
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s witch mod e op e ration duty oyole. Thus, driv e r 202 in Gook mod e may bo Icnown as a constant 
off time p e alc curr e nt controll e r. 

Predriver logic circuit 90 includes an AND gate that turns on transistor 60 if the control 

signals from comparators 86 and 88 are high, and predriver logic circuit 92 includes an AND 
5 gate that tums on transistor 62 if the control signals from comparators 86 and 88 are high. 

During a seek operation in the first radial direction, comparators 86 and 88 send control 

signals that command predriver logic circuit 90 to turn on transistors 60 and 96 and tum off 
transistor 94, and command predriver logic circuit 92 to turn off transistors 62 and 98 and turn on 
transistor 100. As a result, transistor 60 sources the coil current from the power supply through 
10 center tap 74, the first portion of the coil current flows in series through coil 70, sense resistor 42 
and transistor 96 to ground, and the second portion of the coil current flows in series through coil 
72, sense resistor 44 and transistor 100 to ground. 

During a seek operation in the second radial direction, comparators 86 and 88 send 

control signals that command predriver logic circuit 90 to tum off transistors 60 and 96 and tum 

15 on transistor 94, and command predriver logic circuit 92 to tum on transistors 62 and 98 and tum 
off transistor 100. As a result, transistor 94 sources the first portion of the coil current from the 
power supply through sense resistor 42 and coil 70 to center tap 74, transistor 98 sources the 
second portion of the coil current from the power supply through sense resistor 44 and coil 72 to 
center tap 74, and the coil current flows in series through center tap 74 and transistor 62 to 

20 ground. 

For e xample, DMOS transistor 220 i s s aturat e d to control VCM 20 4 into a c e rtain 

direction. Th e driv e r curr e nt flows from driv e r 202 to c e nt e r tap 20 8 . Wh e n th e driv e r curr e nt 
roaches about on e half th e amount sp e cifi e d by curr e nt command 230, then transistor 220 
switch e s off Driv e r 202 k ee ps transistors 220 and 222 off for a c e rtain p e riod of time. Wh e n 
25 th e p e riod is finish e d, transistor 220 is saturat e d again to got th e driv e r curr e nt flowing back 
through c e nt e r tap 20 8 . 

Driver 26 fimctions as a bipolar peak current switch driver with constant off-time during 

seek operations. Driver 26 reduces power consumption in power chip 40 by operating transistors 
60 and 62 as saturated bore transistors, thereby reducing temperature rise in power chip 40F uH 
30 saturation in turning on and off th e transistors may improv e th e e ffici e ncy of driver 202. Furth e r, 
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tho powor ootiGumption in driver 202 may b e r e duced. Tho pow e r trongiotor saturat e s during the 
"on" phas e , th e reby r e ducing th e power dissipated in the pow e r IC to driv e th e motor windings . 
This permits microprocessor 22 to waveform shape the command current to eliminate acoustic 
noise during seek operations even though the waveform shaping increases power consumption 
5 and temperature rise in power chip 40. Thus, e ffioi e noy may b e improv e d and pow e r 

consumption reduc e d. Using this t e chniqu e during s ee k mod e may allow driver 202 to us e any 
wav e form shape of curr e nt to driv e VCM 20 4 . During seek mode, if a lin e ar curr e nt driv e is 
us e d, th e shaping of th e command e d current may increas e tho power dissipat e d in th e power IC. 
A temp e rature rise of the powor IC packag e du e to th e incr e as e in tho pow e r dissipation may 
10 prohibit current wav e form shaping. Thus, switch mode control for driv e r 202 may b e d e sir e d, 

According to embodim e nts of the pr e s e nt inv e ntion, current sens e amplifi e r 232 may 

provid e a sum of th e two curr e nts flowing in coil motors 206 and 210. Th e sum may b e about 
equal to th e drive curr e nt flowing through center tap 208. Using curr e nt s e ns e amplifi e r 232, 
driv e r 202 may avoid using ind e p e ndent current switch pow e r control loops. Th e sum of th e 
15 motor curr e nts may giv e th e torqu e cr e at e d by VCM 20 4 b e cause coil motor 206 and coil motor 
210 ar e b e ing driv e n in th e same dir e ction. Driv e r 202 should b e an accurate torque driv e r for 
tho two coil motors 206 and 210. Thus, driver 202 may avoid running th e coil motors 206 and 
210 on two differ e nt loads. Pref e rably, driver 202 is configured to be a bipolar poalc curr e nt 
driver, or control, for a switch mod e . 

20 Referring to Fig. 3, current s e ns e amplifi e r 232 d e t e cts th e coil current flowing through 

coil motors 206 and 210. The coil current may b e th e sam e as th e driv e r current flowing through 
center tap 20 8 . Curr e nt sense amplifier 232 may amplify th e coil curr e nt. Comparator d e vic e 
302 receiv e s th e output from curr e nt s e ns e amplifi e r 232 and a command curr e nt sp e cifi e d by 
current command 230. Comparator devic e 302 d e t e cts wh e n th e output voltage of current s e ns e 

25 amplifier 232 roaohos tho VCM current command of DAC 230 and thon turns off drivor 202. 

Driver 202 stays off for th e p e riod specifi e d by Toff programming, and th e n tumod back on. Tho 
proc e ss may r e p e at its e lf 

Comparator 30 4 d e t e rmines th e polarity of th e command e d ourront ond programs 

pr e driv e r logic 310 and 3 12 to twm on th e appropriat e transistors. If th e commanded current is 
30 gr e ater than VREF, thon both of tho high sido transistors 306 and 30 8 are turned on. Th e low 
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sido cont e r tap driv e r transistor 222 may b e controll e d by tho constant Toff ohappor whil e th e 
high side c e nt e r tap driv e r transistor 220 is off During th e driver cycl e , th e winding A curr e nt 
comes from tho pow e r supply via high side transistor 306, pass e s through winding A, then passes 
through transistor 222 to ground whil e th e winding B current oomos from tho power supply via 
5 high sid e transistor 308, pass e s through winding B, th e n pass e s through transistor 222 ground. 

Thus, any shap e for th e wav e form of th e command current may be us e d to driv e VCM 

20 4 without increasing power consumption within driv e r 202. Furth e r, r e duction in acoustic 
forces within th e disk drive may be achi e v e d by shaping th e command curr e nt waveform. 

Fig. 4 shows driver 26 and d e picts a pur e torqu e voice coil motor 30 during a d riv^ 
10 configur e d to a ramp load, or r etrac t operationr inede in accordance with an embodiment of the 
present invention. 

Storag e m e dia h e ads may us e ramp loading t e chnology to achi e v e th e for e cast e d capacity 
growth of th e disk drive. Known ramp loading sch e m e s suff e r from th e abs e nc e of an accurat e 
v e locity transduc e r to control th e ramp load and unload v e locity. Th e v e locity tol e ranc e of th e 
15 ramp loading may e ff e ct th e r e liability of th e disk drive. Sch e m e s may us e continuous f ee dback 
of th e v e locity by sampling th e back e l e ctro magn e tic forc e to provide an acc e ptabl e tol e ranc e , 
but r e quir e a compl e x switch mode operation of th e romp load controll e r, or driv e r. Switch 
mode op e ration, how e ver, may create vmd e sirabl e acoustic nois e dmng ramp load. 

Disk drive 10 retracts head 12 from disk 14 and loads head 12 on a ramp (not shown) 
20 during the retract operation. Disk drive 10 performs the retract operation as it powers down so 
that head 12 remains parked on the ramp xmtil power is restored. Finthermore. since the supply 
voltage is absent, switch 68 disconnects driver 26 from the power supply, and driver 26 uses 
rectified back electromagnetic force (BEMF) voltage from spindle motor 16 to perform the 
retract operation. 

25 Driver 26 also includes, within power chip 40, retract sequencer 102, reference retract 

velocity generator 104, amplifier 106 and predriver logic circuit 108. Retract sequencer 102 
provides control signals that retract head 12, brake spindle motor 16 and brake VCM 30 in 
response to detecting the supply voltage is absent. Reference retract velocity generator 104 
provides a reference retract velocity for moving head 12 from disk 14 to the ramp during the 

30 retract operation based on retract velocity programming. Amplifier 106 operates transistors 60 
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and 62 to control the coil current in order to increase the retract velocity, decrease the retract 
velocity or set the retract velocity to the reference retract velocity based on the retract head 
control signal the brake VCM control signal and the integrated error current. Predriver logic 
circuit 108 controls transistors 94 and 96 in response to the brake VCM control signal, and 
5 transistors 98 and 100 have their gates coupled to ground. 

Driver 26 operates during the retract operation in several respects like the track following 

operation. The coil current flows through coil 34 and sense resistors 42 and 44, sense resistors 
42 and 44 provide a sense voltage that corresponds to the coil current, transconductance 
amplifier 50 converts the sense voltage into a sense current, comparator 52 provides an error 

10 current as the difference between the command current and the sense current, capacitor 46 

integrates the error current to provide an integrated error current, phase resistor 48 phase shifts 
the integrated error current and the coil current is adjusted based on the integrated error current 
using a current feedback loop. However, during the retract operation, the command current 
specifies the retract velocity, and driver 26 provides the coil current as an approximation of the 

15 command current to achieve the retract velocity. 

Driver 26 operates during the retract operation in other respects like the seek operation. 

Retract sequencer 102 sends control signals to amplifier 106 and predriver logic circuit 108 that 
cause transistors 60, 62, 94 and 96 to provide the coil current necessary to make coil 34 move 
head 12 fi-om disk 14 to the ramp at the desired retract velocity. Furthermore, d Embodim e nts of 

20 th e pr e s e nt inv e ntion may us e th e s e cond coil motor as a v e locity transduc e r to provid e a 

continuous v e locity f ee dback to driv e r 202. Th e motor driv e r romp loading circuit is a clos e d 
loop lin e ar velocity regulator, ri ver 26 uses coil 70 to control the motion of head 12 and coil 72 
as a velocity transducer to provide continuous velocity feedback. In this manner. Th e r e gulator 
us e s a first coil motor to control th e motion whil e th e second coil motor is us e d to s e ns e th e 

25 v e locitv. driver 26 fiinctions as a closed loop linear velocity regulator. Advantageously, driver 26 
provides accurate retract velocity control that reduces mechanical wear on the ramp, thereby 
increasing Embodim e nts of th e pr e s e nt inv e ntion should provid e th e ne e d e d pr e cision of th e 
ramp load and unload velocity. 

Ramp load sch e m e s attempt to park th e h e ad wh e n the disk is not rotating. Th e h e ad may 

30 b e lift e d and park e d. Power may b e d e tect e d as decr e asing, and th e actuator is mov e d with th e 
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hoad to unload tho hoad from tho diok. Whon tho disk is rotating again, drivor 202 may load th e 
hoad back onto tho disk. In p e rfomiing ramp load opemtions, disk driv e s should be caroful not 
to hit tho ramp too fast. W e ar and tear on m e chanical compon e nts may occur, and r e duc e the 
hfetime of ^le-disk drive 10. 

5 Referring to Fig. 1, tho coil within s e cond coil motor 210 may b e used as a v e locity 

transduc e r along with a sensor 4 20 to sense the velocity of VCM 204. Onc e in track mod e , 
VCM 20 4 may bo tri stat e d. Thus, coil motor 206 may b e used to control th e motion of the h e ad, 
whil e coil motor 210 may bo usod to sense th e velocity. 

Coil motor 210 produces a voltage across VSENBL and VCMCT. S e nsor 4 20 may b e a 

10 r e sistor that s e ns e s tho voltag e across th e terminals. Diff e r e ntial amplifier 232 d e t e cts th e 
voltage and produces an output to e rror amplifi e r 226. Diff e r e ntial amplifi e r 232 may b e th e 
som e logic e lement as oxirr e nt s e ns e amplifi e r 232, but is r e ferr e d to diff e r e ntly b e caus e of th e 
differenc e in fimotionality with r e gard to th e ramp load mod e . Error amplifi e r 226 may b e th e 
same logic e l e ment as transconduotanc e amplifi e r 226, but is r e f e rr e d to diff e r e ntly b e caus e of 
15 th e diff e r e nc e in fimotionality with r e gard to th e ramp load mod e . Th e output of diff e r e ntial 

amphfi e r 232 may b e proportional to th e v e locity of VCM 20 4 , as s e ns e d by coil motor 210 and 
s e nsor 4 20. 

Error amplifi e r 226 calculat e s tho error, or th e diff e renc e , b e tw ee n th e m e asur e d v e locity 

and a command v e locity 4 02 from th e DAC programming. Error buff e r amplifier 233 amplifi e s 

20 th e e rror and provides th e error to r e tract amplifi e r 4 06. Th e r e tract lin e ar velocity control loop 
may b e compensat e d dynamically with th e r e sistor and capacitor comp e nsation n e twork 224. 
Comp e nsation n e t\ N ^ork 22 4 may includ e th e sam e e l e ments as th e track following 
transconduotanc e loop comp e nsation n e twork of Fig. 2. R e tract amplifier 4 06 driv e s coil motor 
20 4 to incr e as e or r e duc e velocity, and to s e t motor v e locity to th e programm e d velocity 

25 sp e cifi e d in v e locity command 4 02. Transistors 220 and 222 may d e liv e r th e current to driv e 
coil 206, as disclos e d abov e . Th e r e fore, driver 202 may configur e itself to b e a rotract velocity 
r e gulator control loop wh e n in ramp load, or r e tract, mod e . 

Embodim e nts of th e pr e s e nt invention may provid e a continuous analog loop to perform 

constant v e locity r e tract, or to control v e locity ramp load or retract. With a continuous analog 
30 loop, e mbodim e nts may design th e loop with a much wid e r bandwidth without perceivabl e 

22 
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Steady i3tato orror. Switch mod e t e ohniquos no longor may b e n ee ded. Nois e and oomplioat e d 
circuitry to impl e m e nt th e Gwitoh mode may bo reduced, which, in turn, reduces costs to driv e r 
202. Thus, a moro precise controller with increased bandwidth may be used to perform ramp 

5 During power on, ramp load and unload operations, th e VCM curr e nt command of DAC 

230 may be used as the VCM velocity command of DAC 102. During power off, a retract 
velocity r e f e r e nc e 4 0 4 is us e d to set the desired velocity for unloading th e h e ads. If power is lost 
during a VCM seek towards th e ramp, a power down r e tract s e qu e ncer logic 4 12 may be us e d to 
bralco the VCM 201 using both motor coils before engaging the linear velocity controll e r. 

10 Disk drive 10 can include the single actuator arm 30 described above, or altemativelv, 

multiple actuator arms 30 arranged in a comb-like fashion extending from the pivot point, with 
each actuator arm 30 supporting a separate head 12 that reads data from and writes data to a 
separate disk surface of disk or disks 14. 

VCM 30 can include coils 70 and 72, or alternatively, the magnetic circuit can be shaved 

15 and a permanent magnetic/stationarv part of VCM 30 can be used although an additional coil 
should be less costly than an additional magnet. 

It will be apparent to those skilled in the art that various modifications and variations can 
be made in a prob e h e ad of the driver p r e s e nt inv e ntion w ithout departing from the spirit or 
scope of the invention. Thus, it is intended that the present invention covers the modifications 
20 and variations of this invention provided that they come within the scope of theany claims-^ 
their equival e nts . 


» 
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ABSTRACT OF THE im^NT IQN 

A driver d e vic e and m e thod for apiir e torqu e voice coil motor in a disk drive is disclos e d. 
Tho driv e r includ e s a current control d e vic e for th e voice coil motor. The driv e r also includes a 
sensor that provides a sense current by t e-sens inge a coil current into the voice coil motors 
5 comparator that provides an error current bv determining a difference between a command 
current and the sense current, an integrator that provides an integrated error current by 
integrating the error current, and an amplifier that provides the coil current bv amplifying the 
integrated error current . Tho driver also includ e s a tronsconduotanc e amplifier to d e t e ct on error 
curr e nt fi'om th e coil curr e nt and a command current. Th e driver also includ e s on 

10 int e grator/comp e nsator to int e grat e th e e rror current into th e coil curr e nt. In anoth e r 

configuration, the driv e r is a driv e r having a curr e nt controll e r for tho voic e coil motor in a s ee k 
mod e . Th e driv e r includ e s a set of transistors coupl e d to th e voic e coil motor by a c e nt e r tap. 
Th e s e t of transistors supply a coil curr e nt having a wav e form to th e c e nter tap. Th e driv e r also 
includes a current sens e amplifi e r to d e t e ct tho coil curr e nt. The driver also includ e s a 

15 comparator to shape a command curr e nt wav e form to th e coil ciur e nt wav e form. Th e driv e r also 
includes a bipolar switch control to r e c e iv e th e conmiand curr e nt wav e form and to saturat e th e 
set of transistors. In another configuration, th e driv e r is a driv e r for controlling the voic e coil 
motor during r e tract mod e . The voic e coil motor has a first coil motor and a second coil motor. 
Th e driv e r includ e s a sensor to sense a v e locity voltage across the s e cond coil motor. Th e driv e r 

20 also includ e s an error amplifier to calculat e a diff e rential b e tw e en th e v e locity voltage and a 
command voltag e . Th e driv e r also includ e s a r e tract amplifier to comp e nsat e th e command 
voltag e with th e diff e r e ntial. 
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